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Chapitre 2 : L’épistémologie dans les 
programmes de sciences 
!
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Chapitre 3 : La transmission des savoirs de 
l’épistémologie 
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Chapitre 4 : Pratiques d’enseignement et 
« rapport aux objets de savoir » dans la 
théorie anthropologique du didactique 
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Chapitre 5 : Problématique, hypothèses et 
questions de recherche 
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Chapitre 6 : Points de repères en 
épistémologie contemporaine de la physique  
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Chapitre 7 : Méthodologie de recueil et 
d’analyse des données 
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4&51%,(+,! 4*(&! 4,&3,--&,! $(6! 5"78,+! 2,! +,! 1*)+-&(%&,! (),! &,4&5+,)-$-%*)! 2(! 3*27",!




N)'%! .)! 5+.+''&! Q!$1-%8%-5+!RB! .&! 1#+7#)44&! %-773#&! ,&! 4&((#&! &'! `-G#&! -'&! )5(*G*($!
&61$#*4&'().&!5+44&!%-11+#(!,&!.>&'%&*7'&4&'(!,&!5&((&!1)#(*&!<!Q!1*33,)-!,64"%'(,&!'(,!
2,(6!0$<! B%)%++,)-! -*(O*(&+!4$&! +,!35"$)0,&!RI!:&((&!)5(*G*($! #&'G+*&! %*4-.()'$4&'(!K!-'&!
&61$#*&'5&! K! #$).*%&#! &([+-! K! +H%&#G&#! @4$.)'7&! ,&! ,&-6! 7)VF! &(! K! %+'! *'(&#1#$()(*+'! ?-*!
%>)11-*&! $7).&4&'(! %-#! .&! 4+,3.&! 4*5#+%5+1*?-&! 5*'$(*?-&! ,>-'! 7)V!<! &'! 1#$%&'5&! ,>-'&!
1)#+*!?-*!%$1)#&!,&-6!7)V!,&!')(-#&%!,*MM$#&'(&%B!.&%!4+.$5-.&%!5+'%(*(-)'(!.&%!7)V!5+'(&'-%!
,)'%! 52)?-&! 5+41)#(*4&'(! %&! ,$1.)5&'(! ).$)(+*#&4&'(! ,)'%! .&! G+.-4&! ,*%1+'*H.&! ,&! 5&%!
5+41)#(*4&'(%I!\*! .>+'!%-11#*4&!.)!1)#+*!?-*!%$1)#&!.&%!,&-6!5+41)#(*4&'(%B!.&%!4+.$5-.&%!
&'!4+-G&4&'(!%&!,$1.)5&'(!,&!4)'*3#&!).$)(+*#&!4)*%!,)'%!-'!G+.-4&!,*%1+'*H.&!,&-6!M+*%!
1.-%! 7#)',! &(! 5>&%(! 5&! ?-*! 1&#4&(! ,>&61.*?-&#! .&!4$.)'7&! ,&%! ,&-6! 7)VI! :&.)! ,*(B! +'! 1&-(!
5+41#&',#&! K! .)! 4)'*3#&! ,+'(! &..&! &%(! M+#4-.$&! ?-&! 5&((&! )5(*G*($! 1&-(! W(#&! 5+'%*,$#$&!
5+44&!-'&!+H%&#G)(*+'! *'(#+,-5(*G&!,&! .)!%$?-&'5&!,>&'%&*7'&4&'(B!+-!H*&'!?->&..&!1&-(!








&(! ,-! 4$.)'7&! ,&! ,&-6! 7)VI! ;+-%! %+44&%! ,+'5! ,)'%! 5&! ?-*! #&.3G&! ,>-'&! ,$4)#52&! ,&!
4+,$.*%)(*+'B! ,)'%! .)?-&..&! +'! 1&-(! %>)((&',#&! K! (#+-G&#! ,*MM$#&'(%! $.$4&'(%! ?-*! %&!
#)11+#(&'(!)-6!'+(*+'%!$1*%($4+.+7*?-&%!,>!Q!+H%&#G)(*+'!RB!,&!Q!(2$+#*&!R!&(!,&!Q!4+,3.&!
(2$+#*?-&!RI! /*'%*! .>&'%&*7'&4&'(! ,&! .)! '+(*+'! ,&! 1#&%%*+'! )11)#)L(! 5+44&! 5&.-*! ,>-'!




















")#(*&!,-!1#+7#)44&!! "20%*?-&! ,&%! 7)V!<! .!"#$%&! '(%! )*(+!
,)-*(&,!M!
".)5&!,)'%!.)!%$?-&'5&!! "#&4*3#&! %$)'5&!<! *'(#+,-5(*+'! )-!
5+'5&1(!,&!1#&%%*+'!
=&%!+H%&#G)(*+'%!#$).*%$&%!)G&5!5&(!&'%&*7')'(!%+'(!.&%!1#&4*3#&%!,&!'+(#&!$(-,&!&(!+'(!&-!
.*&-! )G)'(! ?-&! .)! 4$(2+,+.+7*&! 5+##&%1+',)'(! K! '+%! ?-&%(*+'%! ,&! #&52&#52&! %+*(!
5+41.3(&4&'(! M*').*%$&! T! #$).*%&#!,&%!+H%&#G)(*+'%!,)'%!5&%!5+',*(*+'%!1+-G)*(!'+-%!1#*G&#!
,&! ,+''$&%! )! 1+%(&#*+#*! 1#$5*&-%&%I! :&.)! ,*(B! *.! '+-%! )! %&4H.$! +11+#(-'! ,>&MM&5(-&#! 5&%!
+H%&#G)(*+'%!1+-#!+H(&'*#!?-&.?-&%!$.$4&'(%!&41*#*?-&%B!4W4&!,&!4)'*3#&!-'!1&-!2O(*G&B!
,>)H+#,!&'!#)*%+'!,&!.)!#)#&($!,&%!%-P&(%!),)1($%!K!'+(#&!$(-,&B!&'%-*(&!5)#!'+-%!1&'%*+'%!






d!1)#(*#!,&%!$.$4&'(%!,&! .>&'(#&(*&'!?-*!1#$53,&! .)! %$)'5&B! *.!'+-%!&%(!1+%%*H.&!,>*,&'(*M*&#!
)%%&V! 5.)*#&4&'(! ?-&! .>&'%&*7')'(! %+-2)*(&! M)*#&! 5+41#&',#&! )-6! $.3G&%! .&! 1#+5&%%-%! ,&!
4+,$.*%)(*+'! ,-! 5+41+#(&4&'(! ,>-'! 7)VB! %*4-.()'$4&'(! K! .>+HP&5(*M! ,*,)5(*?-&! ,&!
5+'%(#-5(*+'!,&!.)!'+(*+'!,&!M+#5&!1#&%%)'(&!&(!,&!1#&%%*+'!,>-'!7)VI!9'!&MM&(B!%&.+'!.-*B!5&((&!
1)#(*&!%&!1#W(&!K!4+'(#&#B!Q!1*33,)-!(-%"%+,&!()!3*27",G!1*33,)-G!N!4$&-%&!2,! "$!+%-($-%*)!
&5,"",! ,-! N! 4$&-%&! 2(! 3*27",! 3*"51("$%&,G! *)! 4,(-! 4$++,&! N! "#%25,! 2,! 4&,++%*)G! 2,! B*&1,!
4&,++$)-,!RI! /! 5&((&! M*'B! *.! %&! 1#+1+%&! ,&! M)*#&! -(*.*%&#! 1)#! .&%! $.3G&%! .!2,+! 2,++%)+! 4*(&!
&$%+*)),&!P!,)!B$%+$)-!2,+!+1A53$+G!*)!4,(-!0(%2,&!",!&$%+*)),3,)(!RI!S.!%>)7*(!)*'%*!.!2,!&,"%,&!
"$! B*&1,! 4&,++$)-,! N! '(,"'(,! 1A*+,! '(%! +*%-! ()! &$%+*)),3,)-!R! ?-*! )#(*5-.&! -'&! %*(-)(*+'!
#$&..&!+H%&#G$&!)G&5!-'!4+,3.&!4*5#+%5+1*?-&!,-!7)V!<!Q!L*33,)-!4$&-%&!2(!3$1&*G!1*))(G!
1*33,)-! 2*)),&! (),! %)-,&4&5-$-%*)! e,&! .)! M+#5&! 1#&%%)'(&f! N! "#$%2,! 2#()! 3*27",! 1*))(!
@4+,3.&!4*5#+%5+1*?-&!,-!7)VF!RI!.!Q"! B$(2&$%-!'(,!2#,(6R3H3,+G! %"+! e.&%!$.3G&%f! B$++,)-! 1,!
&$%+*)),3,)-I!N&!1.-%B!*.!%&4H.&#)*(B!,&!4)'*3#&!)').+7-&!K!'+(#&!)').0%&!$1*%($4+.+7*?-&!
,&%!%)G+*#%!K!&'%&*7'&#B!?-&!.&!4+,3.&!4*5#+%5+1*?-&!,-!7)V!'&!5+'%(*(-&!1)%!.>&'P&-!,>-'!
(#)G)*.! ,&! 4+,$.*%)(*+'! &'! 5.)%%&B! &(! %+*(! -(*.*%$! 5+44&! -'&! ,+''$&! &(! K! 5&! (*(#&! &%(! K!
)%%+5*&#!1.-(g(!K!-'!+HP&(!(2$+#*?-&I!!
;+-%!1+-G+'%!*,&'(*M*&#!7.+H).&4&'(!,)'%!.&%!1#+1+%!,&!.>&'%&*7')'(!.&%!1#*'5*1).&%!$()1&%!
?-*! H).*%&'(! %+'! &'%&*7'&4&'(! 1#$G-I! 9'! #&G)'52&B! '+-%! '&! 1+-G+'%! 1)%! #&1$#&#!
1#$5*%$4&'(! &(! %-#(+-(! 5+41.3(&4&'(! .&%! %()(-(%! $1*%($4+.+7*?-&%! ?->*.! )((#*H-&! )-6!
,*MM$#&'(&%!$()1&%!,-!%)G+*#!K!&'%&*7'&#!&(!K! .&-#!)#(*5-.)(*+'B!)-J,&.K!,&! .)!%&-.&!4&'(*+'!





,&%! %52$4)%! 1+-#! )G+*#! -'&! 5+41#$2&'%*+'! ,&! 5&%! 12$'+43'&%B! 5&%! 1#+1+%! %+'(!




5-.(-#&! ,&! .>&'%&*7'&4&'(B! %)'%! )..&#! 1.-%! .+*'! ,)'%! .&! ?-&%(*+''&4&'(!<! -'! ,*%1+%*(*M!
&61$#*4&'().!1&#4&(!,&!1#+,-*#&!-'!12$'+43'&B!5+44&!5&.-*!,-!4+-G&4&'(!H#+X'*&'!+-!
.&! 4$.)'7&! ,&! ,&-6! 7)VI! :&((&! %*(-)(*+'! Q!5+'5#3(&!R! M)*(! .>+HP&(! ,>+H%&#G)(*+'%B! ,+'5!
,>$.$4&'(%! ,&! ,&%5#*1(*+'! &(! 5+',-*(! 1)#! &6&41.&! K! -(*.*%&#! ,&%!4+,3.&%! (2$+#*?-&%B! ?-*B!
*'%()'5*$%!K!.)!%*(-)(*+'!+H%&#G$&!K!.>)*,&!,&!%52$4)%B!1&#4&((&'(!,&!.>&61.*?-&#I!!
_)*%!'+-%!1+-G+'%!*,&'(*M*&#!'$)'4+*'%!K!5&!%(),&!?-&!.)!%$?-&'5&!G)!%&!,$#+-.&#!)-(+-#!
,&! .)! ?-&%(*+'! ,&! .>-(*.*%)(*+'! ,&%!4+,3.&%B! ,&%! )11+#(%! (2$+#*?-&%! &(! ,&! .&-#! )#(*5-.)(*+'!
)G&5!-'&!%*(-)(*+'!Q!&5,"",!R!+H%&#G$&I!=>+HP&(!,&!.)!%$)'5&B!%&.+'!5&!?-&!'+-%!5+41#&'+'%!




























=>&'%&*7')'(!4+,*M*&! .&!,*%1+%*(*M!&'!0!)P+-()'(!-'&!%&5+',&!%&#*'7-&B! #&.*$&!K! .)!1#&4*3#&!
1)#! .>*'(&#4$,*)*#&! ,>-'! (-0)-! M.&6*H.&I! =>&'%&*7')'(! 4)*'(*&'(! .&! 1*%(+'! ,&! .)! 1#&4*3#&!
%&#*'7-&!,)'%!%)!1+%*(*+'! *'*(*).&!1&',)'(!?->-'!$.3G&!&6&#5&!-'&!)5(*+'!,&!(#)5(*+'!%-#! .&!
1*%(+'!,&!.)!%&5+',&I!=&%!$.3G&%!,+*G&'(!4+,$.*%&#!5&((&!%&5+',&!%*(-)(*+'!@",+!2,(6!4%+-*)+!





1#$#&?-*%! #&.)(*M! )-! 4+,3.&! 4*5#+%5+1*?-&! ,&%! 7)V! @()! 0$<! ,+-! 1*)+-%-(5! 2#$-*3,+! *(!
3*"51(",+! '(%! +,! 254"$1,)-! "%C&,3,)-! 2$)+! -*(-! ",! 8*"(3,! 2#()! 1*)-,)$)-G! ,-! '(%! 4$&!
1*)+5'(,)-!+#,)-&,1A*'(,)-!,-!A,(&-,)-!",+!4$&*%+!2(!1*)-,)$)-FI!
R5C6*/0*$-$@i>DCF!<!=>201+(23%&!%&.+'! .)?-&..&! .)!M+#5&!4)5#+%5+1*?-&!,&!1#&%%*+'!&%(!,-&!
)-6! 52+5%! ,&%! )(+4&%! %-#! .&%! 1)#+*%! ,-! 5+'(&')'(! 5+',-*(! K! 1#$,*#&! -'! G&5(&-#! M+#5&!




?-&.?-&%! &6&41.&%! ?-)'(*()(*M%! E8%-,++,! 2,+! $-*3,+! +,"*)! "$! -,345&$-(&,! 2$)+! ",! 1$+! 2,!
"#T5"%(3F!&(!.&!5+'5&1(!Q!2#$0%-$-%*)!3*"51("$%&,!RI!:&!4+,3.&!%&#(!1)#!.)!%-*(&!K!*'(&#1#$(&#!
.>+H%&#G)(*+'!,-!4$.)'7&!%1+'()'$!,&!,&-6!7)V!*'*(*).&4&'(!%$1)#$%!1)#!-'&!1)#+*I!
R5C6*/0*$ L$ @hE>jDF!<! =>&'%&*7')'(! )H+#,&! .)! '+(*+'! ,&! Q!M+#5&! ,&! 1#&%%*+'!R!<! .&! (#)G)*.!























































































K(#(! E,C.3.1! -0! /03/! +0! -7! C*180! 9781*/8*=.:20!
.38*3320! R! =716.1! +2! 9*2A09036! +0/!
8*3/6.62736/! +2! @7S! 06! +0! -021/! 8O*8/! /21! -0/!
=71*./!+0!-7!/01.3@20('
!





G"#"&D"' O7./*42+,+' :-,' 01):-,' <7*/' :-6-.' 07./&*&-).&' 4-' I)J' M*,.&' 1,-+&,+' 5)'
;)+7*$'*5',F,+0,'-.,')0&*7.'320).*:-,"'

















































T(#(T*9=7101! -0/! =1,A./.*3/! C*213.0/! =71! -0!
9*+G-0! 1,7-./,! +73/! -0! 87+10! +0! -7! 9,873.:20!
9781*/8*=.:20!+0!;0<6*3!06!=71!80-2.!1,7-./,!R!
-%7.+0!+2!9*+G-0!9.81*/8*=.:20!+0/!@7S!W!03!87/!
+0! 8*3617+.86.*3! 03610! -0/! =1,A./.*3/X!






























E(#(! E,C.3.1! =1,8./,9036! -0! 9*+G-0!
9.81*/8*=.:20! +2! @7S!Q! 23! @7S! 0/6! 8*3/6.62,!
+%76*90/! :2.! /0! +,=-78036! 7A08! +0! N!@173+0/!
A.60//0/!PX!:20!80/!A.60//0/!72@9036036!7A08! -7!
609=,176210! >N!7@.676.*3! 6O019.:20!P?X! :20! -0/!
76*90/! /%036108O*:2036! 06! :2%.-/! O0216036! -7!
=71*.! +2! 8*3603736! >872/7-.6,! 476OB@G30! 03610!
-0! 8*380=6! +0! C*180! =10//7360! 06! -0/! 8O*.F! +0/!
76*90/!/21!-0!=./6*3?!
E($(! ZF=-.:201X! .3601=1,601! -0!9,-73@0! +0! +02F!
@7S!R!-%7.+0!+2!8*380=6!+%7@.676.*3!6O019.:20!!






















































































E")"#"&>"' O7./*42+,+' :-,' 01):-,' <7*/' :-6-.' 07./&*&-).&' 4-' I)J' M*,.&' 1,-+&,+' 5)'
;)+7*$'*5',F,+0,'-.,')0&*7.'320).*:-,'3*0+7/07;*:-,"'
E")"#"&D"' R)' <7+0,'3)0+7/07;*:-,' ,/&' 5)' +2/-5&).&,' 4,' 5)'3-5&*&-4,' 4,/' )0&*7./'
320).*:-,/'3*0+7/07;*:-,/':-*'/6,F,+0,.&'/-+'562523,.&'4,'/-+<)0,'
'
E")"%"&#"' K,;+2/,.&,+' 5,/' )0&*7./' 3*0+7/07;*:-,/' 4-' I)J' /-+' -.' 2523,.&' 4,'
/-+<)0,':-,507.:-,$';-*/'/-+'-.'2523,.&'4,'/-+<)0,'47-85,'4,'5)';+,3*A+,$';-*/'
&+*;5,'=' 5,/' )&73,/' 4-' I)J' ,F,+0,.&' -.,' <7+0,' ;+,//).&,' :-*' 47-85,' ;-*/' &+*;5,'
)M,0'5)'/-+<)0,'4,'5)';)+7*"'
E")"%"&%"'S)+' *.4-0&*7.$' 5)' <7+0,'4,';+,//*7.',/&';+7;7+&*7..,55,'@' 5)'/-+<)0,'/-+'
5):-,55,',55,'/6,F,+0,"'











"#! $%&'()*+#! $(! &',)(-! -#.'/! $#-! 01&2#-! ,#.*034#-! *(5! /'03'/-! $#! 6'$7.#! #0! $#!
6'$%.3-*03'/! *! %0%! ,%*.3-%! *! ),3',3! -(,! $#-! $(,%#-! $#! 8(#.8(#-!63/(0#-! 9! .*! $'(:*3/#! $#!
63/(0#-;! $*/-! .#! -'(&3! $<3$#/03=3#,! $#! 0#..#-! 01&2#-! 3/-0*/&3%#-! $*/-! .#-! -*4'3,-! $#! .*!
)2>-38(#?!@*3-!&#00#!%&2#..#!$<*/*.>-#!*!),3',3!/<#-0!)*-!0'0*.#6#/0!')%,*/0#!3&3!A!.#-!01&2#-!
$#!/*0(,#!%)3-0%6'.'+38(#!-'/0!-'(4#/0! 36).3&30#-!#0!$*/-!&#!&*-!-#(.#-! .#-! 01&2#-!#/! .3#/!





C2*8(#! -%8(#/&#! *--'&3%#! 9! (/! 0>)#! $#! 01&2#! &'/03#/0! (/! #/-#6B.#! $#! 0#&2/38(#-;!
&#,0*3/#-! 3$#/03=3*B.#-!$*/-! .#!&',)(-;!&#,0*3/#-! 3/=%,%#-!9!)*,03,!$(!&',)(-?!N'(-!$'//'/-!
8(#.8(#-! #5#6).#-! $#-! 3/-0,(&03'/-! $'//%#-! )*,! .<#/-#3+/*/0! $(,*/0! .*! $3,#&03'/! $<%0($#!





















• !"%"&I'J'K.'0)/':,'.8.'08.78+3*&2':-'38:C6,'B' 6)' 68*$' +2,L)3*.,+' 6)'38:26*/)&*8.':,'
6;8<=,&':;2&-:,"'





&:5'#' N'U,' >-,' =,' O,-L' >-,' O8-/' 7)//*,P$' 0;,/&' >-,' O8-/' :+,//*,P' -.' <*6).' :,/' 78+0,/' ,L,+02,/' /-+' 6,'
5*/&8.'T'
&:5'@' N'A8-/'7)*&,/'-.'<*6).':,/'78+0,/$'O8-/'7)*&,/'Q)'/-+'-.,'7,-*66,$'8.'0833,.0,'5)+'Q)$'-.'<*6).':,/'
78+0,/',L,+02,/'/-+' 6,'5*/&8.$'5)/' 6,'08+5/$' 6,'5*/&8.$':;)008+:'V'U,'>-,' =,'O,-L$'0;,/&'-.'<*6).':,/'
78+0,/',L,+02,/'/-+'6,'5*/&8.'T'
0$)!J! R!3.!*!-&2%6*03-%!.#-!$#(5!4#&0#(,-;!3.!*!$#--3/%!$#-!.'/+(#(,-!&'66#/0;!.<(/!)*,!,*))',0!9!.<*(0,#;!







$#! N#P0'/?! "<3/0#,4#/03'/! $#! .<#/-#3+/*/0! #-0! 3&3! 36).3&30#! ,#.*034#6#/0! 9! .*! 0#&2/38(#! 9!
6#00,#!#/!](4,#!)'(,!,%*.3-#,!.<*&03'/!%.%6#/0*3,#!A'
C#00#!/'/!&'/=',630%!36)(0%#!9!(/!$%=*(0!$*/-!.*!6'$%.3-*03'/!$#!.<'BO#0!$<%0($#!-())'-#!
8(#! .*! &'/=',630%!9! .*! .'3! #-0!(/!)*--*+#!'B.3+%?!C#! ,*3-'//#6#/0!#-0! 36).3&30#!$*/-! &#00#!
)*,03#;!6*3-! .<#/-#3+/*/0!-())'-#!4,*3-#6B.*B.#6#/0!8(<3.!)#(0!^0,#!&'6),3-!)*,! .#-!%.74#-!
$*/-!.*!6#-(,#!'_!.*!),#637,#!6'$%.3-*03'/!E-#,3/+(#!-#(.#I!*!=*30!.<'BO#0!$<(/!,*3-'//#6#/0!





0$)!FF!! R!"#-!=',&#-!/#!-#!&'6)#/-#/0!)*-;!*.',-! .#-! =',&#-!/#!-#!&'6)#/-#/0!)*-!0'(O'(,-;! .#!),'B.76#!









&:5''@Z' N[.'H)P' 0;,/&' 78+32':;)&83,/'>-*' 4S9':-'58*.&' :,' O-,':-'38-O,3,.&$' *6/' /8.&' 6*<+,/':,'
<8-H,+'0833,'*6/'O,-6,.&?T'
'
• Y"#"&%"' \,5+2/,.&,+' 6,/' :256)0,3,.&/' )62)&8*+,/' :,/' 08./&*&-).&/' :-' H)P' 458*.&/'
)//80*2/'B':,/'O,0&,-+/'O*&,//,/9'B'6;*.&2+*,-+':-'5*/&8."'
&:5'@]' N'L*/-!(/!+*:!.#-!6'.%&(.#-!)#(4#/0!B'(+#,!.#-!(/#-!)*,!,*))',0!*(5!*(0,#-?!E[I!a/!4*!-#!












HG! "#! 0#,6#! E3/I! c! 3/*($3B.#;! ),%-#/0! 8(#.8(#='3-! $*/-! .*! 0,*/-&,3)03'/! $#-! 3/0#,*&03'/-;! 3/$38(#! 8(#! /'(-!



















:0;9$"<$) A!A! C'6)*,#,! $#(5! 6'$7.#-! $(! )'3/0! $#! 4(#! $#! .#(,! ),%43-3'/!U! #/! &*-! $#!
&'/0,*$3&03'/;!,%#5*63/#,!.*!6'$%.3-*03'/!$#!.<'BO#0!$<%0($#?!
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'2*?)$! A,2',5/17.$! +::$),! \!',5<2*$! *$! 01&,$!`C! ).1L'c'$! ,5+9,! :+/! )$! :/1%-1:$! *$!






























































)*+,,-.! /-! .$012-3! /-! .+! 45+67-!
,8575/-63-! -3! ,854-63+3906! /-!
.$012-739:! /-! .+! 45+67-;!
<854-63+3906! /-! .+! =53>0/-!
70?8+63-!/-! !/53-8=96+3906!/-!.+!












D;! H/-639:9-8! .-4! >I,03>J4-4! A! .+!
1+4-! /-! .+! =0/5.94+3906! /$?6!
012-3!/$53?/-!!
D;&;! H/-639:9-8! K?-! .+! /?85-! -439=5-! -638-! .+!
,-87-,3906! /$?6! 57.+98! /$08+@-! .-! 406! /?!
3066-88-!8-,04-!4?8!.$>I,03>J4-!K?-!.+!.?=9J8-!
4-!,80,+@-! 9643+63+65=-63!-3!K?-!7-33-!/?85-!
-43! 5@+.-! ,+8! 70645K?-63! A! .+! /?85-! /-!
,80,+@+3906!/?!406;!
!"#"$#"% &'% ()*(+*%,'% *)%,-.$)/('%'/$0'% *120)3'%'$%
*124.'05)$'+0%6,75"!$8%'.$%()*(+*9'%:%;)0$-0%,'%*)%
,+09'% !$%'.$-<9'%'/$0'%*)%;'0(';$-2/%,1+/%9(*)-0%
,120)3'% *'% .2/% ,+% $2//'00'% '$% *)% 5-$'..'% 5% ,+%
.2/"%='*)%.+;;2.'%*1>?;2$>@.'%A+'%*)%;'0(';$-2/%
,'% *)% *+<-@0'% ,'% *19(*)-0% (2/.$-$+'% *120-3-/'% ,'.%













N;! H/-639:9-8! .+! 8-.+3906!
=+3>5=+39K?-! -638-! .-4!
@8+6/-?84!,>I49K?-4!-6!2-?;!!
N;&;! ! H/-639:9-8! .+! 8-.+3906!=+3>5=+39K?-!-638-!














.-4! E! 53+,-4! /-! .+! /5=+87>-!
R!C+1'.$D('% A+-% '.$% <'.+09%E%
C+1'.$D('% A+-% '.$% (2//+%E%C+1'.$D
('%A+12/%5'+$%24$'/-0%E%S!
P;&;! H/-639:9-8!/+64! .-!7+4!/-! .$08+@-!K?-..-!-43!












U;+;! *57+,93?.-8! .-4! /9B-84-4!
,>+4-4! /+64! .+! =0/5.94+3906!




U;1;! "6+.I4-8! .-! 38+B+9.! 706/?93!
/+64! .+! 45+67-! A! ,+8398! /$?6!
=0/J.-! 5,9435=0.0@9K?-! )/?!
,0963! /-! B?-! /-! .+! /9439673906!
-638-! 7-! K?9! 8-.JB-! /-4!
=+3>5=+39K?-4! -3! 7-! K?9! 8-.JB-!
/-!.+!,>I49K?-C;!
U;7;! "6+.I4-8! .-! 38+B+9.! 85+.945!
/+64! ?6-! 45+67-! +63589-?8-! 40?4!
.$+6@.-!/?!=0/J.-!/-4!E!3W7>-4!
U;+;&;! *57+,93?.-8! .-! 38+B+9.! 706/?93! .084! /-! .+!
45+67-! +73?-..-! A! ,80,04! /-! .$-439=+3906! /-! .+!
/943+67-!K?9!45,+8-!?6!08+@-!/$?6!014-8B+3-?8;!!
U;1;&;! "6+.I4-8! .+!=0/5.94+3906! /-! .$-439=+3906!
/-! .+! /943+67-! /$?6! 014-8B+3-?8! A! ?6! 08+@-! A!
,+8398!/$?6!=0/J.-!5,9435=0.0@9K?-! )!/?!,0963!
/-!B?-!/-!.+!/9439673906!-638-!7-!K?9!8-.JB-!/-4!
=+3>5=+39K?-4! -3! 7-! K?9! 8-.JB-! /-! .+!
,>I49K?-C;!
U;7;&;! .+! >+?3-?8! /$?6! 9==-?1.-! 5.09@65! 4-.06!





F"4"#"$"% -,'/$-G-'0% ,)/.% *)% ,9<)0(>'% .+-5-'%
H+.A+'%*:%('%A+-%0'*@5'%,'.%<)$>9<)$-A+'.%'$%('%
A+-%0'*@5'%,'%*)%;>?.-A+'%










• *)% 30)/,'+0% <'.+09'K% *)%
30)/,'+0% (2//+'% '$% *)%





















X;! U7>+6@-8! /-4! 854?.3+34! -3! .-4!
/947?3-8! )57893?8-! )60=18-! /-!
7>9::8-4! 49@69:97+39:4CT! ,85794906T!
B+.9/935C;!




















• !"#"$#"% &'% ()*(+*% ,'% *)% ,-.$)/('% '/$0'% *120)3'% '$% *124.'05)$'+0% 6,75"!$8% '.$%
()*(+*9'% :% ;)0$-0% ,'% *)% ,+09'%  !$% '.$-<9'% '/$0'% *)% ;'0(';$-2/% ,1+/% 9(*)-0%
,120)3'% *'%.2/%,+%$2//'00'%'$% *)%5-$'..'%5%,+%.2/"%='*)%.+;;2.'% *1>?;2$>@.'%
















>.=0*48*!B! "^W%V#&(! "K)&^(!*! +,-./010-2! 56! 2-56/0<.! -./2-! 5-8! =26.,-428! :>?8034-8! ,6.8! 56!
97/><,-!,-!,7/-290.6/0<.!,-!56!,08/6.;-!,)4.!<26=-B!
C-//-! 8734-.;-! 8-! ,72<45-! 842! 4.-! ;<.,40/-! ,)7/4,-! /2@8! 8-227-! :62! 5)-.8-0=.6./I! -/! 56!
/D;>-! 8-! ,72<45-! -.! /2<08! 7/6:-8! -E:50;0/-8! 2765087-8! 86.8! ;<.H<34-2! ,-! /-;>.034-!
:62/0;450@2-!*!
VB Z-8!:2<:<8!,-!5)-.8-0=.6./!M!B+'**'.%.2/$%*'.%30)/,'+0.%;>?.-A+'.%;2+0%,9(0-0'%('$$'%





C-//-! /D;>-! :-29-/! ,-! 2-H-.02! 842! 5)<FJ-;/01! H087! 5<28! ,-! 56! 8734-.;-! :27;7,-./-!
">?:</>@8-8(!-.!486./!,)4.!M!-11-/! /<:6[-!N!*! "/,:!VVW(!M!C.$D('%A+E2/% .E2((+;'%,+% $'<;.%
A+'% <'$% *)% *+<-@0'% ;2+0% 5'/-0% F+.A+E:% /2$0'% 2'-*% S!N! -/! ,-! ;<.;542-! A! 5)>?:</>@8-!
2-;>-2;>7-! M!G2/(% 2/% H)-$% +/'% ;0'<-@0'% >?;2$>@.'% I% *)% *+<-@0'% )00-5'% -/.$)/$)/9<'/$% :%
/2$0'%2'-*J%'/%$2+$%().%9/20<9<'/$%;*+.%5-$'%A+'%*'%.2/J%'$%A+'%*'%,9()*)3'%A+E2/%52-$%'/$0'%
*'.%,'+KJ%(E'.$%*-9%+/-A+'<'/$%)+%$'<;.%A+'%<'$%*'%.2/%;2+0%5'/-0B!N!"/,:!VV&(!
























• C"4"#"$#"% L,'/$-H-'0% ,)/.% *1'/.'<4*'% ,+% $0)5)-*% 09)*-.9% F+.A+'% *:% I% *'.%





!"#$,'-$ Q!*! M!c5<28I! 2608<..-9-./! ;5688034-! 34-! H<48! 1-2-[! J4834TA! 56! 10.! ,-! 5T6..7-! /2@8!
8<4H-./I! H<48! 6H-[! ,710.0! ,-8! =26.,-428! :<42! 4.! :2<F5@9-I! H<48! 6H-[! /2<4H7! 4.-!
1<2945-!340!2-50-!;-8!=26.,-428I!H<48!2-=62,-[!;-55-8!34-!H<48!H<45-[!/2<4H-2I!;-55-8!
34-!H<48!;<..6088-[!,7JAI!;-55-8!34-!H<48!9-842-[I!-/!64!10.65!<.!160/!4.!;65;45!6H-;N!








Z6! 8-;<.,-! "V''%V`_(! -8/! 4.-! 6.65?8-! 7:08/79<5<=034-! ,-! ;-! 340! 6! 7/7! 2765087! 5<28! ,-8!
8734-.;-8!:27;7,-./-8! !-.! 27172-.;-!A!4.!9<,@5-!7:08/79<5<=034-!:278-./7!64E!75@H-8!













!"#$,--$ Q!*! M!R4-55-! -8/! 56! ,-2.0@2-! ;><8-! 34T<.! 160/! S! R46.,! <.! 160/! 4.! 2608<..-9-./! -.!
:>?8034-I!<.!8-!:<8-!/<4J<428!4.-!34-8/0<.!842!56!H650,0/7!,4!27845/6/!34T<.!<F/0-./!N!
!"#$,--$ Q!*!M!$R4-5! 50-.!?!6!/T05!-./2-! 5-8!96/>796/034-8B!b<?-[! 5A!<.!6!160/!4.!:-/0/!-E-9:5-!
6H-;! 5-8! ;65;458I! <.! 6! 4/05087! ,-8! 96/>8I! ,-8! 96/>8! :68! /2@8! ;<9:50347-8I! -/! 56!




























,08;4880<.!,-!;-8!27845/6/8B! +;0!64880I! 5-!=40,6=-!,-! 5)7/4,-!-8/!8-227I!-/! 5)-.8-0=.6./!:<8-!






!"#$&&&$ Q!*! M!! /<48! ;-4E! 340! :-.8-./! 6H<02! 160/! 4.! 2608<..-9-./! ;<22-;/! 6H-;! ,-8! 9-842-8!
H656F5-8! H<48! H-.-[! 96234-2! 0;0! 5-! 27845/6/! ,-! H</2-! 9-842-I! ;T-8/! 56! ,08/6.;-I! 56!






-.! ;<9:/6./! 5-! .<9F2-! ,T7/6=-8I! -.! -8/096./! 56! /6055-! ,T4.! 7/6=-B! C6! ;T-8/! /2@8!
;<426./!-.!:>?8034-I!<.!160/!4.-!-E:720-.;-!:<42!9-842-2!34-534-!;><8-I!<.!860/!:68!







,<..-!4.! 27845/6/!-/!340! ;<BBB!340! 6! 56!9\9-!H65-42!-/!F-.!<.!:-4/!6H<02! ;<.106.;-!
,6.8!.</2-!27845/6/BN!
!"#$&+&$ Q!*!M!346.,!H<48!7/0-[!/<48!-.!/260.!,-!1602-!H<8!9-842-8I!160/-8!5A!,-4E!1<08I!;>6;4.!
,<0/! 56! 1602-I!:62;-!34T05!?!-.!6!4.!340! 56! 160/I! ;<99-./!-8/%;-!34T<.!6!4.!9<?-.!,-!





-/! 34T<.! 9-842-! F0-.! :2<:2-9-./! 56! ,08/6.;-! -./2-! 5T6::62-05! :></<BBB! <.! :-4/!
-8:72-2!69750<2-2!56!106F050/7!,-!.</2-!-E:720-.;-!N!




































^! V! $! &!
/.=0*48*$$ G! G! G! gIG!









































































#! #! &! '!
/.=0*48*$$ g! gI!C! CIG! G!































































_! #! V! #! #!
/.=0*48*$$ hIGIm! G! G! G! m!
T;0'$J*$<&';1*$ V&KI!V`_I!#V&I!
#$`I!#'_!



































































1<2/8!,6.8! 56!96.0@2-!,-! 8)6::4?-2! 842! 56!.</0<.!,-!9<,@5-!:<42!<2=6.08-2! 5-8! ;<./-.48!
8;0-./01034-8I! 9\9-! 80! 5-8! H087-8! 8<./! 0;0! ,01172-./-8B! Z-8! ,01172-./-8! /D;>-8! -.! d4H2-!
,7;<4:-./! 56! 876.;-! 8-5<.!,-8! 6;/0H0/78! -.! 50-.! 6H-;! 5)6;/0H0/7! 8;0-./01034-! "0,-./010-2! ,-8!
>?:</>@8-8I! 0,-./010-2! 5-8!=26.,-428!:>?8034-8!-.! J-4!,6.8! 5-!9<,@5-!-/! 56!2-56/0<.!-./2-!
;-8!=26.,-428I!,08;4/-2!,-!27845/6/8!,-!9-842-(B!
P608!56!876.;-!-8/!842/<4/!;-./27-!842!4.-!6.65?8-!,-!/?:-!7:08/79<5<=034-!,-!56!96.0@2-!
,<./! -8/! ;<.8/240/! 4.!9<,@5-B!P608! ;-//-! 6.65?8-! .)-8/! :68! ;<.8/240/-! -E%.0>05<! A! :62/02!
8-45-9-./!,-!5)-E:<87!,4!9<,@5-!A!6.65?8-2!*!-55-!-8/!<20-./7-!:62!4.!;6,2-!:27;086./!-.!









Z-! ;6,2-! -.! /2<08! :<0./8! -8/! 4/05087! 4.-! :2-90@2-! 1<08! ;<55-;/0H-9-./! :<42! 6.65?8-2! 5-!
9<,@5-! :-29-//6./! ,)7H654-2! 56! ,08/6.;-! 340! 87:62-! 4.! <26=-! ,)4.! <F8-2H6/-42I! 6H6./!
,)\/2-!270.H-8/0!0.,0H0,4-55-9-./!:62!5-8!75@H-8!:<42!6.65?8-2!5-!9<,@5-!;<.8/240/!5<28!,-!56!




;-! ;6,2-! ;<99-!4.-!97/><,-!:<42! 6F<2,-2!,-8!M!34-8/0<.8! 8;0-./01034-8!N!,0H-28-8!340!




,08/0.=4-2! 5-8! ;>69:8! -E:7209-./65! -/! />7<2034-! 8<./! /<4/! A! 160/! -.! 6;;<2,! 6H-;! .</2-!
;6,2-! />7<2034-I! ;<99-./! ,6.8! 5-! ;68! ,-! 5)-.8-0=.6./! gI! .<48! .-! ;<..6088<.8! :68! ,-!
27172-.;-!7:08/79<5<=034-!64!;6,2-!,)6.65?8-!7:08/79<5<=034-!340!;<.8/0/4-!5)-88-./0-5!,-!
5)6;/0H0/7! ;<.,40/-!-.!;5688-! ";-!34-!.<48!6H<.8!6::-57! 5)!M!6.65?8-!-.! /2<08!:<0./8!N(B!h-!
:548I!;-//-!97/><,-!H08-!A!1602-!6::2-.,2-!64E!75@H-8!4.-!96.0@2-!M!2-32+0'+.'%,'%H)-0'%,'%





8-5<.! 5634-55-I!;<99-!:<42! 5)-.8-0=.6./!gI! 5)7:08/79<5<=0-!-8/!4.-!6;/0H0/7!,)6.65?8-!340!
:<2/-!842!5)6;/0H0/7!8;0-./01034-I!-/!34)-55-!.7;-880/-!:<42!;-56!4.!;6,2-!,-!27172-.;-B!P608!
,6.8! ;-! ;68I! 5-! ;6,2-! ,-! 27172-.;-! .)-8/! :68! 0884! ,)4.-! /26.8:<80/0<.! ,-! 86H<028! ,-!











:>?8034-8I! ;<./0-./! ,-8! .</0<.8I! ,-8! ;<.;-:/8I! -/! ,-8! 2-56/0<.8! -./2-! ;-8! ;<.;-:/8I! ,-8!
=26.,-428! :>?8034-8I! 8)6::5034-! A! 4.-! 80/46/0<.! ,-! 56! :>?8034-I! 4/0508-! ,-8! ;65;458I! -/!
.7;-880/-!,-!1602-!,-8!>?:</>@8-8B!!
G.! 2-H6.;>-I! 5-8! ,01172-./-8! 80=.010;6/0<.8! ,-8! /-29-8! ,)>?:</>@8-! -/! ,)-E:720-.;-!
96.34-./!,-!:27;080<.!,6.8!5-42!,710.0/0<.!<4!.-!;<22-8:<.,-./!:68!/<4/-8!A!.</2-!;6,2-!
7:08/79<5<=034-B! h)6055-428I! ;<99-! ,6.8! 5-! ;68! ,4! 84J-/! cI! 5-8! ;<.;-:/8! -E:50;0/78! ,6.8!
;>634-!8734-.;-!.-!;<22-8:<.,-./!:68!8-5<.!.</2-!6.65?8-!64E!;<.;-:/8!-.! J-4!,6.8! 56!
8734-.;-! ;<22-8:<.,6./-! ",-4E! ,-2.0@2-8! ;<5<..-8! ,4! 8?.<:808(B! h)6F<2,I! 5-! /-29-!
,)>?:</>@8-! -8/! /2@8! 8<4H-./! 4/05087! ,6.8! 56! 8734-.;-! :<2/6./! 842! 5)0,-./010;6/0<.!
,)>?:</>@8-8! "8734-.;-! g(! 86.8! 34)05! 8<0/! :<880F5-! ,-! ,7/-290.-2! 5-! 8-.8! 34)05! 540! -8/!
6//20F47I! ><2908! 34-! ;-! ;<.;-:/! -8/! 4.-! :62/0-! 09:<2/6./-! ,-! 56! ,7962;>-! ,-!
9<,75086/0<.!a! :62! 56! 840/-I! 5-! /-29-! ,)>?:</>@8-! -8/! 688<;07! A! ,01172-./8! ;<./-.48!
8:7;01034-8!340!.-!:-29-//-./!:68!A!-4E!8-458!,-!,710.02!;-!;<.;-:/B!C-//-!.</0<.!,<0/!\/2-!
H2608-9F56F5-9-./! ;<.80,727-! :62! 5)-.8-0=.6./! ;<99-! 4.! :272-3408! ,-8! 75@H-8! :<42!
6.65?8-2! 5-! 9<,@5-! 340! 5-42! -8/! :2<:<87B! P608! 56! /D;>-! ,)0,-./010;6/0<.! ,-8! >?:</>@8-8!
.)6F<4/0/!:68I!-/!;-56!:-4/!\/2-!-E:50347!:62! 5-! 160/!34-! 5-8!75@H-8!.)6;;<2,-./! J48/-9-./!
:68!,-!8-.8!A!;-!/-29-I!842/<4/!:<42!276508-2!4.-!/D;>-!:<42!5634-55-!56!/-;>.034-!.)-8/!,-!
842;2<o/!:68!:27;087-B!!
G.10.I! 5-! /-29-! ,)-E:720-.;-! -8/! 688<;07! A! ;-540! ,-! :>7.<9@.-! ,-8/0.7! A! \/2-! A! 56! 1<08!
9<,75087!A!5)60,-!,)<4/058!,-!56!:>?8034-I!-/!-E:50347!A!5)60,-!,)4.!9<,@5-!=7<97/2034-B!h-!
:548I! 5)-.8-0=.6./! :625-! ,-! 106F050/7! ,-! 5)-E:720-.;-! 65<28! 34-! ,4! :<0./! ,-! H4-!
7:08/79<5<=034-!;-!8<./! 5-8!27845/6/8!,-!9-842-!340!8<./!,08;4/6F5-8!-/!.<.! 5)-E:720-.;-!
-.!-55-%9\9-!340I!80!-55-!-8/!,08;4/6F5-I!.-!5)-8/!34-!,4!:<0./!,-!H4-!,-!8<.!6,7346/0<.!A!56!
34-8/0<.! 8;0-./01034-! :<87-B! Z-8! ,01172-./-8! 80=.010;6/0<.8! 34-! ,<..-./! 5)-.8-0=.6./! 64!
/-29-!,)-E:720-.;-!2-.H<0-./!60.80!,6H6./6=-!64!;<.;-:/!,-!M!97/><,-!,-!9-842-!N!340!















Conclusion et Discussion 
!
c!5)0884-!,-8!27845/6/8!<F/-.48!34-!.<48!8?./>7/08<.8!A!5)60,-!,)4.!/6F5-64!27;6:0/456/01I!.<48!
655<.8! ,08;4/-2! ;-8! ,-2.0-28! :<42! ;>6;4.! ,-8! -.8-0=.6./8! -/! ,-! 96.0@2-! ;<9:626/0H-I! A!
5)64.-! ,-8! >?:</>@8-8! 340! 8<./! A! 5)<20=0.-! ,-8! 6.65?8-8B! O<48! -E690.-2<.8! -.840/-! 5-8!
6::<2/8! ,-! ;-//-! 7/4,-! /<4/! -.! =62,6./! 4.! :<0./! ,-! H4-! ;20/034-! 842! 56! 97/><,<5<=0-!
6,<:/7-I!842!8<.!0./72\/!9608!64880!842!8-8!5090/-8!340!2-8/2-0=.-./!5-!;>69:!,-!H650,0/7!,-8!
27845/6/8B! O<48! -8860-2<.8! ,-! ,7;202-! 56! :62/! 84FJ-;/0H-! ,4! ;>-2;>-42! ,6.8! 5-! 9<,@5-!
,)-.8-0=.-9-./! 8<48%J6;-./! A! .<8! 6.65?8-8B! G.10.I! .<48! /-./-2<.8! ,-! ,-880.-2! 34-534-8!
:08/-8!,-!2-;>-2;>-!A!H-.02!-.!;<./0.40/7!,-!;-!/26H605!9608!64880!-.!;<./26,0;/0<.I!;-8!,-4E!
,02-;/0<.8! H086./! A! -.! ;<.8<50,-2! 5-8! ;<.;5480<.8B! G.10.I! .<48! 10.02<.8! :62! 7F64;>-2! ,-8!













5)6;/0H0/7! ,-! 56! :>?8034-B! G55-8! 8<./! -.!d4H2-! -.! /6./! 34-! /-55-8! ,6.8! 5-8! 876.;-8! -/! 8<./!
2765087-8!64!9<?-.!,)4.-!/-;>.034-I!<4!F0-.!.)6::626088-./!:<42! 5-!;>-2;>-42!34-!:62!4.!
688-9F56=-!,-!/-;>.034-8B!f<4/-!;-//-!:62/0-!;<.8/0/4-!5)7/4,-!,-!56!:26E08B!G.10.I!5)6.65?8-!





















CPQCLRPSPTQ% S% !% =% S% !% =% S% !% =% S% !% =%




Q9A+'/('%S% % % % % % % % % % % % %
Q9A+'/('%!% % % % % % % % % % % % %
Q9A+'/('%=% % % % % % % % % % % % %
Q9A+'/('%G% % % % % % % % % % % % % %
Q9A+'/('%C% % % % % % % % % % % % % % %
% % % %
Q9A+'/('%V% % % % % % % % % % % % %
Q9A+'/('%R% % % % % % % % % % % % %
H2! T\89*/$*4$]0S'*$J&4/$1*/$/.&48*/$






f<4/! ,)6F<2,I! 60.80! 34-! .<48! 5)6H0<.8! 84::<87I! 5-8! <FJ-;/018! :20.;0:64E! H0878! 2-8/-./!
,)-.8-0=.-2!,-8!86H<028!,-!56!:>?8034-I!-/!;-8!,-2.0-28!;<.8/0/4-./!,01172-./-8!9<,650/78!,-!
;<./-E/465086/0<.!,-8!86H<028!,-!5)7:08/79<5<=0-I!H<02-!,)!M!0.8/6.;06/0<.!N!,6.8!56!9-842-!<]!













• :<42! 5)-.8-0=.6./! gI! 05! 8)6=0/! ,-! 2-/26;-2! 6! :<8/-20<20! 5-! ;>-90.-9-./! 840H0!
;<.J<0./-9-./!-./2-! 5-8!,-4E!9<.,-8! 5<28!,-! 5)6;/0H0/7!,-!9<,75086/0<.I!:62!
5<;65086/0<.! ,6.8! ;-!9<,@5-! 7:08/79<5<=034-! ,-8! 7/6:-8! ,-! 56! ;<.8/24;/0<.!
,-8! 86H<028! ,-! 56! :>?8034-B! C-! /26H605! -8/! :27:627! -.! 69<./! A! 56! 1<08! :62!
5)0,-./010;6/0<.! A! ;>634-! 7/6:-! ,-! 56! .6/42-! ,-8! 86H<028! /26H605578! 8-5<.! ;-!
9\9-!9<,@5-!7:08/79<5<=034-I!-/!:62!56!,08/0.;/0<.!,-8!2-=08/2-8!,-!56.=6=-!





k0! 5)4/05086/0<.! -8/! ,01172-./-I! -55-! -8/! ;<22757-! 64E! <FJ-;/018! ,01172-./8! 34-! 8-! ,<..-./! ;-8!
,-4E!-.8-0=.6./8!*!
• Q<42!5)-.8-0=.6./!gI!5)<FJ-;/01!-8/!,-!16H<208-2!5)6::2-./0886=-!,-!56!:>?8034-!A!
56! 1<08!-.!27,4086./!:62!;-!/26H605! 56!;<.1480<.!,-8!2-=08/2-8!,-! 56.=6=-B!C-;0!
.7;-880/-!,)6::2-.,2-!A!6,<:/-2!8?8/796/034-9-./!5-!2-=08/2-!,-!56!:>?8034-I!
60.80! 34)4.-! 4.-! H080<.! =7.7265-! ,-! 56! .6/42-! ,-8! 86H<028! -/! ,4!











P608! 56! 876.;-! ,-! 5)-.8-0=.6./! C! ;<./0-./! ,-4E! 64/2-8! /D;>-8! 7:08/79<5<=034-8I! /D;>-8!
,)6.65?8-! A! :62/02! ,-! ;-//-!97/><,-!-.! /2<08! 7/6:-8! ,)4.!9<,@5-! ,7JA! 7/6F50! -/! ,7;20/! :62!





56! 9<,75086/0<.! -.! :>?8034-! ":<42! 5-8! -.8-0=.6./8! c! -/! g(I! 34-! ;-! 8<0/! 64! .0H-64! ,-!
5)4/05086/0<.! ,-! 9<,@5-8! -/n<4! :<42! :27H<02! <4! 0./-2:27/-2! 4.! :>7.<9@.-I! <4! ,-! 56!
;<.8/24;/0<.!,-!9<,@5-8I!;<.1<2979-./!-.!;-56!64E!<FJ-;/018!1<294578B!Q<42!5)-.8-0=.6./!CI!
56! /D;>-! ,)6;/0H0/7! ,-! 56! :>?8034-! :<2/-! 842! 56! ,08;4880<.! ,-! 27845/6/8! -E:7209-./64EB! C-8!
/D;>-8!340!8-5<.!.<48!8<./!,4!,<960.-!,-!56!:26E7<5<=0-!,0,6;/034-!,-!56!:>?8034-!.-!8<./!
:68!908-8!-.!d4H2-!,-!56!9\9-!96.0@2-!*!
• Z6! 876.;-! ;<.,40/-! :62! 5)-.8-0=.6./! g! -8/! 56! 8-45-! ,6.8! 5634-55-! 5-8! /D;>-8!
,)6;/0H0/7! ,-! 56! :>?8034-! 8<./! -.! /6./! 34-! /-55-8! 560887-8! A! 56! ;>62=-! ,-8!
75@H-8I!34-!;-!8<0/!64!.0H-64!,-8!,<;49-./8!,-!/26H605!,<./!058!,08:<8-./!34)A!
/26H-28!5-8!:2<:<8!,-!5)-.8-0=.6./!340!96234-./!5)-./27-!,6.8!56!/D;>-B!h6.8!
56! :54:62/! ,-8! ;68I! 5-8! /-;>.034-8! .7;-88602-8! A! 5-42! 2765086/0<.! 8<./! 64880!
-E:50;0/7-8!,6.8! 56!;<.,40/-!,-! 5)7/4,-B!O<48!2-/2<4H<.8! 0;0!,-!.<4H-64!4.-!








5)-.8-0=.6./! 9608! ,-! .</2-! 6.65?8-! :<.,727-! :62! 5)0,-./010;6/0<.! ,-! /D;>-8!
,)6;/0H0/7! ,-! 56! :>?8034-B! O<48! 6H<.8! <F/-.4! ;-8! ,-2.0@2-8! A! :62/02! ,-!
2-=2<4:-9-./!,-! /-;>.034-8!:-29-//6./!,-! 276508-2! 5-8! /D;>-8!,)6;/0H0/7!,-!
9<,75086/0<.B!!
Z-8!84J-/8!g!-/!C!8<./!;-4E!;>-[!340!5)-.8-0=.-9-./!,-!5)7:08/79<5<=0-!:688-!A!56!1<08!:62!,-8!
/D;>-8!7:08/79<5<=034-8!;<4:57-8!A!,-8! /D;>-8!,)6;/0H0/7!,-! 56!:>?8034-I! 5080F5-8!64!.0H-64!
978<8;<:034-I! -/! 6;;<9:6=.7-8! 5-! :548! 8<4H-./! ,-! /-;>.034-8! .7;-88602-8! A! 5-42!




34-! 5-8! -.8-0=.6./8! ,08-./! 64E! 75@H-8! A! :2<:<8! ,-8! ;<.;-:/8! 7:08/79<5<=034-8! 34)058!
,780=.-./! ,6.8! 5-42! ,08;<428B! C-//-! 6.65?8-! :<2/-! 842! 5-8! ;<.;-:/8! 34)058! <./! 5)0./-./0<.!
,)-.8-0=.-2I!34-!;-!8<0/!64!.0H-64!,-!56!.6/42-!7:08/79<5<=034-!,-8!86H<028!,-!56!:>?8034-!
34)64!.0H-64!,4!1<.;/0<..-9-./!,-!56!:>?8034-B!Z)-.8-9F5-!,-8!:2<:<8!A!;-8!84J-/8!:-29-/!
,-! ;626;/7208-2! 5-! M!5<=<8!N! ,-! 56! :26E7<5<=0-! ,-! 5)-.8-0=.6./I! ;-! 34-! .<48! ;<.80,72<.8!















Z)62/0;456/0<.! ,-! ;-//-! 7;>-55-! ,)6.65?8-! 90;2<8;<:034-! 6H-;! 5-8! /D;>-8! 6::<2/-! 34-534-8!
7;56026=-8!.</6F5-8!842!5-!84;;@8!<4!5-8!,0110;45/78!,6.8!56!2765086/0<.!,-8!/D;>-8I!-.!2-56/0<.!
6H-;! 5-! 26::<2/! ,-8! -.8-0=.6./8! 64E! <FJ-/8! ,-! 86H<028! 34)05! -.8-0=.-./! -/! 5-! 26::<2/!
0.8/0/4/0<..-5! A! ;-8!9\9-!<FJ-/8! ,-! 86H<028! *! .<48! 5)<F8-2H<.8!.</699-./!,6.8! 5-! ;68!,-!
5)-.8-0=.6./!C!A!:2<:<8!,4!;<.;-:/!,)>?:</>@8-!a! ;-!;<.;-:/!-8/!:621<08!,780=.7!86.8!\/2-!
,710.0I! -/! 346.,! 05! -8/! 6;;<9:6=.7! ,)4.-! :2<:<80/0<.! 340! 540! ,<..-! ,4! 8-.8I! 8<0/! 56!
:2<:<80/0<.! -8/! 507-! A! 4.! 86H<02! :62/0;450-2! ,-! 56! :>?8034-! "M!*)% 5-$'..'% ,'% *)% *+<-@0'% $0@.%
30)/,'% ,'5)/$% ('**'% ,+% .2/%N(I! 8<0/! -55-! :27;08-! 86! 1<.;/0<.! "8-2/! A! J48/010-2! 5-8! ;65;458I! A!
809:5010-2!5-8!2608<..-9-./8I!-8/!4.-!;<9:<86./-!,)4.-!,7962;>-j(B!g0-.!34)64;4.!,-!;-8!







;-//-! /D;>-I! -.! 5)6F8-.;-!,-!:208-! -.! ;>62=-!:62! 5-8! 75@H-8! /<42.-! ;<42/! "$)#&(! -/! ;<.,40/!
5)-.8-0=.6./! A! -.;>6o.-2! 6H-;! 56! ,-4E0@9-! /D;>-! A! 5)0884-! ,-! 5634-55-! 05! 2-H0-.,26! 842! 56!
278<54/0<.!,-!56!:2-90@2-!-.!J<46./!,)4.!-11-/!f<:6[-B!!
Q62! ;<./268/-I! 5-! 26::2<;>-9-./! ,-8! 6.65?8-8! 64E! ,-4E! 7;>-55-8! .<48! :-29-//-./! ,-!




,)6;/0H0/7! ,-! 56! :>?8034-! 64/<42! ,4! ;<.;-:/! ,-!9<,@5-I!9608! 34-! 8<.! ,08;<428! A! ;-! 84J-/!
<;;4:-! /<4/-! 56! ,427-! ,-! 56! 876.;-! -/! :278-./-! 4.! :548! >64/! .0H-64! ,-! ,710.0/0<.! -/! ,-!
=7.7265086/0<.!,4!;<.;-:/!,-!9<,@5-!34-!;>-[!5-8!64/2-8!-.8-0=.6./8B!C-//-!;<>72-.;-!,6.8!
5-8! 27845/6/8! 64E! ,01172-./-8! 7;>-55-8! "/D;>-8I! /-;>.034-8I! 0./-26;/0<.8(! :<42260/! \/2-! 4.!
0.,0;6/-42! ,)4.-! ;-2/60.-! 96o/208-! ,0,6;/034-I! 340! -8/! A! 26::2<;>-2! ,-! .</2-! <F8-2H6/0<.!
,)4.-! =26.,-! 64/<.<90-! ,-8! 75@H-8! ,6.8! 56! :208-! -.! ;>62=-! -/! 56! 2765086/0<.! ,-8! /D;>-8!
:2-8;20/-8B!!












O<48! 6H<.8! 6,<:/7! 0.0/065-9-./! 5)>?:</>@8-! 8-5<.! 5634-55-! 5)-.8-0=.-9-./! ,-!
5)7:08/79<5<=0-!-8/!;<./260./!:62!5)09:726/01!,-!5)-.8-0=.-9-./!,-8!86H<028!,-!56!:>?8034-B!i2!
-.8-0=.-2! 5)7:08/79<5<=0-! 2-5@H-! ,)4.-! 5<=034-! ,-! /26.8:<80/0<.! 4.! :-4! :62/0;450@2-! ,6.8!!
5634-55-! 5-8!-.8-0=.6./8!,08:<8-./!,)4.-!=26.,-!962=-!,-!96.d4H2-!,6.8! 56!,710.0/0<.!,4!
86H<02! A! -.8-0=.-2! -.! 5)6F8-.;-! ,-! :2-8;20:/0<.8! :27;08-8B! iF8-2H-2! ,-8! :26/034-8!
,)-.8-0=.-9-./!,-!5)7:08/79<5<=0-!:-29-/!,-!9-//2-!-.!d4H2-!4.-!:62/0-!,-8!;<.;-:/0<.8!
,-! 5)-.8-0=.6./! 842! 5)7:08/79<5<=0-I! ;<.;-:/0<.8! .<.! 8-45-9-./! :-.87-8I! 9608! 6=0-8I! 340!
!ED$ C)/80//);4$[$B;4810/);4$
!




C>-[! 5)-.8-0=.6./! cI! <.! :-4/! 8-! ,-96.,-2! ,6.8! 34-55-! 9-842-! 5-8! 0./-./0<.8! 842!
5)-.8-0=.-9-./!,-! 56!9<,75086/0<.!9<,010-./! 86!96.0@2-!,-! /26H6055-2B! G11-;/0H-9-./I! 05! -8/!
34-8/0<.!,-!9<,@5-8!,6.8!56!876.;-I!9608!56!.</0<.!,-!9<,@5-!-8/!4/05087-!,-!96.0@2-!/2@8!
:2<;>-!64E!6//-.,48!,4!:2<=2699-B!c4%,-5A!,-!5)0./72\/!0.,7.06F5-!34-!:278-./-!56!876.;-!
,4!:<0./!,4! H4-!,4! 270.H-8/088-9-./!:62! 5-8! 75@H-8!,-8! 5-428! 126o;>-8! ;<..60886.;-8!,-! 56!
97;6.034-! 96;2<8;<:034-! :<42! ;<.8/2402-! 5-! ;<.;-:/! ,-! 1<2;-! :2-886./-I! 56! 96.0@2-! ,-!
1602-!/26H6055-2! 5-8!75@H-8!-.! 5-8!=40,6./!842! 5-8!/-;>.034-8!,-! 56!:>?8034-!8-9F5-!2-8/-2!-.!
,710.0/0H-!>6F0/4-55-B!G.!2-H6.;>-I! 56!:56;-!34-!:2-..-./! 5-8! /D;>-8!7:08/79<5<=034-8!;>-[!
5)-.8-0=.6./! C! -/! 5)<9.0:278-.;-! A! /<48! 5-8! .0H-64E! ,)6.65?8-! ,4! ;<.;-:/! ,-! 9<,@5-! -/!
5)6;/0H0/7! ,-!9<,75086/0<.! ;>-[! 5)-.8-0=.6./! g! 6//-8/-./! ,-! :26/034-8! ,)-.8-0=.-9-./! :-4!
>6F0/4-55-8B!
O<48! 6H6.X<.8! :5480-428! >?:</>@8-8! ,)0./-2:27/6/0<.! -.! 50-.! 6H-;! 5-! ;<./-E/-!
,)-.8-0=.-9-./!:<42!0./-2:27/-2!;-!;<./268/-!*!
• 5)-.8-0=.6./! c! ;<.X<0/! 8-45! 5)-.8-0=.-9-./! ,-! 56!9<,75086/0<.! -/! 5-! 8;7.620<! ,-! 86!
908-! -.! d4H2-B! k0! ;-/! -.8-0=.-9-./! -8/! 1<2/-9-./! ;<./260./! :62! 5-! ;<./-E/-!











-/.$-$+$-2//'*B! L.! ,-4E0@9-! .0H-64! ,)0./-2:27/6/0<.! :<42260/! \/2-! 34-! 540! 9\9-!
;<.80,@2-! 34-! 5-! /-29-! ,-! 9<,@5-! -8/! 688<;07! 6! ;-! 340! ,6.8! 5-8! :2<=2699-8! -8/!
34650107!;<99-!/-5!"9<,@5-!,4!26?<.!5490.-4EI!9<,@5-!,-! 5)6/<9-I!9<,@5-!,4!=6[I!
9<,@5-! ,4! :-.,45-! 809:5-(!*! 05! 8)6=0/! 65<28! ,)4.-! 1<29-! ,)-,'/$-$9% )+% 0);;20$%
-/.$-$+$-2//'*%;<.8734-./-!,-! 56!:26/034-B!C-8! 0./-2:27/6/0<.8!8<./!;<>72-./-8!6H-;!
5-! ;<.8/6/! 8-5<.! 5-34-5! 5-! 27845/6/! ,-! 56!9<,75086/0<.! ,-! 5)<FJ-/! ,)7/4,-! 2765087! -.!
97;6.034-!-.!,7F4/!,-!876.;-!.-!8<0/!:68!:278-./7!:62!5)-.8-0=.6./!;<99-!16086./!
:62/0-!,-8!9<,@5-8B!
• k0! 5-8! :26/034-8! .-! 8<./! :68! 9<,0107-8! -/! 56! .6/42-! ,-8! 86H<028! 8;0-./01034-8! .<.!
:27;087-!-.!:278-.;-!,)4.-! 0./-./0<.!:62/0;450@2-!-.!96/0@2-!,)7:08/79<5<=0-I!.<48!
:-.8<.8! 34-! ;-/! -.8-0=.-9-./! .-! 2-5@H-! :68! ,)4.-! /26.8:<80/0<.! ,0,6;/034-B! Z-8!
86H<028! 7:08/79<5<=034-8! A! -.8-0=.-2! 8<./! ;-4E! 340! ;626;/7208-./! 56! .6/42-! -/! 5-!
1<.;/0<..-9-./! ,-8! 86H<028! 8;0-./01034-8! ,6.8! 56! ;5688-B! C-//-! 6F8-.;-! ,-!
/26.8:<80/0<.! J48/010-260/! ,<.;! 34-! 5-8! ;<..60886.;-8! "5<=<8(! 7:08/79<5<=034-8! ,-!
5)-.8-0=.6./!8-!8-260-./!;<.8/240/-8!A!:62/02!,-8!:26/034-8I!;-!340!-.!5090/-!56!:<2/7-!
=7.7265-! -/! 56! ,710.0/0<.B! Z)-./2-/0-.! :<8/%876.;-! ;<.1029-! ;-//-! >?:</>@8-!*!
5)-.8-0=.6./! c! ;<.80,@2-! 34)-.8-0=.-2! 56! 1<2;-! ;<99-! 6::62/-.6./! A! 56! 1<08! 64!
2-=08/2-! />7<2034-! ,-! 56! 97;6.034-! -/! A! ;-540! ,4! 8-.80F5-! -8/! 56! 96.0@2-! 56! :548!
16;05-9-./! ;<9:27>-.80F5-! :62! 5-8! 75@H-8!a! ;)-8/! ,)6055-428! ;<99-! ;-56! 34)05!
;<9:2-.,!5-!;<.;-:/!,-!1<2;-!540%9\9-B!C-!;<.8/6/!34-!.<48!;<.80,72<.8!;<99-!5-!
80=.-! ,)4.-! ;<.1480<.! -./2-! 5-8! 0.8/0/4/0<.8! 8;<5602-8! -/! ,-! 2-;>-2;>-I! ;<./268/-!
















8;0-./01034-! -.! ;5688-I! 34-! ;-! 8<0/! 64! .0H-64! ,-! 56! :26E08! 34-! ,4! 5<=<8B! i.! 6! :4!
<F8-2H-2!34-!;-!340!-8/!/26.8:<87!,6.8! 56!876.;-!2-.H<0-!346809-./!/</65-9-./!64!
;<.;-:/!,-!9<,@5-!:62;-!34-!;-/!-.8-0=.6./!8)6::40-!842!56!.</0<.!,-!9<,@5-!:<42!
M!8/24;/42-2!N! 8<.! -.8-0=.-9-./! ,-8! 86H<028! ,-! 56! :>?8034-! -/! 16H<208-2! 5-42!




:<8/%876.;-! 34)05! .-! 8<4>60/-! :68! :625-2! ,4! ;<.;-:/! ,)>?:</>@8-! -.! 2608<.! ,4!
;626;/@2-! :<5?879034-!,-! ;-! /-29-! A! 56! 1<08! A! 5)0./720-42! ,)4.-! ,08;0:50.-I! -/! ,)4.-!
,08;0:50.-! ,)-.8-0=.-9-./! A! 5)64/2-B! h-! :548I! A! 5)096=-! ,-! 56! ;<9:27>-.80<.! ,-8!
:>7.<9@.-8!:>?8034-8!A!5)60,-!,-!9<,@5-8I!5)6.65?8-!7:08/79<5<=034-!,-8!:2<;-8848!
,)756F<26/0<.! ,-8! 86H<028! ,-! 56! :>?8034-! -/! ,-! 5-42! .6/42-! 8)-11-;/4-! A! :62/02! ,)4.!
9<,@5-! ,-! 5)7:08/79<5<=0-! /26.8:<87!*! ;-;0! ;<.8/0/4-! 56! /-;>.<5<=0-n/>7<20-! 340!
57=0/09-!56!/D;>-!7:08/79<5<=034-!,-!56!876.;-B!C-8!;><0E!,-!5)-.8-0=.6./!:<42260-./!
\/2-! 0./-2:27/78!;<99-!2-5-H6./!,)4.!26::<2/!,-! 5)-.8-0=.6./!64E!<FJ-/8!,-!86H<028!
,-! 5)7:08/79<5<=0-! 340! :278-./-! 4.! 1<2/! /2<:089-! H-28! 5-! 26::<2/! 0.8/0/4/0<..-5! ,4!
=2<4:-!,-!2-;>-2;>-%1<296/0<.B!!
• 4.-!64/2-!H<0-!-./2-!5-8!84J-/8!c!-/!g!-8/!;-55-!34-!5)<.!:-4/!/02-2!,-!5)0./-2:27/6/0<.!
,-! 56!:26/034-!,-! 5)-.8-0=.6./!CB! Z-! ;<.;-:/!,)>?:</>@8-!<;;4:-!4.-!=26.,-!:56;-!
,6.8! 56! 876.;-B! P608! .<48! 6H<.8! H4! 34-! 56! /D;>-! ,6.8! 5634-55-! ;-! ;<.;-:/! -8/!




965! ,710.0B! h-! :548I! 56! 876.;-! <F8-2H7-! -8/! 20;>-! ,-! /D;>-8! :2<:2-9-./!
7:08/79<5<=034-8I! 9608! 5)6.65?8-! 7:08/79<5<=034-! ;6,27-! :62! 4.! 9<,@5-!
7:08/79<5<=034-! 8-! H-4/! 2-.,2-! ;<9:/-! ,-! 5)6;/0H0/7! M!0-32+0'+.'!N! ,-! 56! :>?8034-!
"/,:!V'&(!-.!:2-.6./!:<42!<FJ-/!4.-!9<,75086/0<.!,7JA!;<.8/240/-!<4!4.!:2<;-8848!,-!
9<,75086/0<.! 2765087! -.! ;5688-B! C-/! -.8-0=.6./! M!:2-.,! ,-8! 50F-2/78!N! H08! A! H08! ,-8!
:26/034-8! >6F0/4-55-8I! -/! 611-;/-! 4.! :<0,8! 09:<2/6./! A! 5)6.65?8-! ,-! 5)6;/0H0/7!
8;0-./01034-B!C-56!-8/!A!9-//2-!-.! 2-56/0<.!6H-;! 8<.!6::62/-.6.;-!:6887-!64!9\9-!
=2<4:-! ,-! 2-;>-2;>-%1<296/0<.! 34-! 5-! 84J-/! gB! C-:-.,6./I! 8<.! <FJ-;/01! -8/! ,)4.-!
64/2-!.6/42-!34-!;-540!,-!g!*! ;<9:2-.,2-! 5-! 1<.;/0<..-9-./!,-! 56!9<,75086/0<.!-.!
:>?8034-!:62!4.-!6.65?8-!,-!5)6;/0H0/7!8;0-./01034-!-.!;5688-B!C-;0!-8/!57=0/097!:62!4.-!
/-;>.<5<=0-! 34-! 5)-.8-0=.6./! 6! 1<29457! 5<28! ,-! 5)-./2-/0-.! :<8/%6.65?8-!*! 05! 160/! 4.-!











Z-! :-4! ,)09:<2/6.;-! 6;;<2,7-! A! 5)-.8-0=.-9-./! ,-! 5)7:08/79<5<=0-! ,6.8! 5-! 8-;<.,602-! -.!
m26.;-!.<48!6!;<.,40/!A!.<48!;<./-./-2!,-!:-/0/8!7;>6./055<.8!,-!,<..7-8!*!05!7/60/!.7;-88602-!













• ,-! :<4H<02! ;<.8/0/4-2! ,-8! ;5688-8! ,)-.8-0=.6./8I! 8-5<.! 34)058! ;<.X<0H-./! 8-458! ;-8!
-.8-0=.-9-./8I! <4!34)058! /26H6055-./! ,6.8!,-8! =2<4:-8!,-! 1<296/-428I! 6H-;!<4! 86.8!
6::<2/!,-!56!2-;>-2;>-B!
• ,)-E690.-2! 56! ;<>72-.;-! ,-! 56! 80=.010;6/0<.! ,-8! ;<.;-:/8! 7:08/79<5<=034-8! -.! J-4!
;>-[!4.!9\9-!-.8-0=.6./!340!-.8-0=.-!,-!5)7:08/79<5<=0-!<;;680<..-55-9-./I!8-5<.!
34)05!8)6=0/!,)4.-!876.;-!962347-!,)4.-!0./-./0<.!7:08/79<5<=034-!<4!.<.!
C-:-.,6./I! 56! 97/><,<5<=0-! ;<4:56./! 5)7/4,-! ,-8! :26E7<5<=0-8! ,08;0:50.602-8! 2-56/0H-8! A!
5)7:08/79<5<=0-! -/! 5)7/4,-! ,-8! :26E7<5<=0-8! ,0,6;/034-8! ,-! 56! :>?8034-I! A! 4.-! 6.65?8-!
90;2<8;<:034-!A! 5)7;>-55-!,-8! 0./-26;/0<.8!.<48!6!:-2908!,)<F/-.02!,-8!27845/6/8!;<./268/78!
6H-;!,-8!-.8-0=.6./8!;<./268/78B!
C-//-!97/><,<5<=0-! ,-! ;626;/72086/0<.! ,-8! :26/034-8! ,)-.8-0=.-9-./! ,-! 5)7:08/79<5<=0-! A!
5)7;>-55-! ,)4.-! 876.;-! .<48! :-29-/! ,-! .<48! ,796234-2! ,-8! 97/><,<5<=0-8! ,)0.8:026/0<.!
-/>.<=26:>034-8! 2-.;<./27-8! J4834)0;0! ,6.8! 56! 50//726/42-! 6.=5<:><.-B! C-8! ,-2.0@2-8! <./!
;-2/-8!:208!:<42!<FJ-/!5)7H<54/0<.!,4!8?8/@9-!;<.8/0/47!,-!56!/205<=0-!,-8!;<.;-:/0<.8!"842!56!
OikI! 842! 5)-.8-0=.-9-./! -/! 842! 5)6::2-./0886=-! ,-8! 8;0-.;-8(! ":B`W(I! 9608! .7;-880/-./! ,-8!
<F8-2H6/0<.8!5<.=0/4,0.65-8!842!,-8!=26.,-8!,427-8!-/!56!;<55-;/-8!,-!.<9F2-48-8!,<..7-8B!






,<..7-8! 2-56/0H-8!64!:<0./!,-!H4-!,4!84J-/! 842! 86!:26/034-B!C-//-!<:/0<.!-8/! ;-2/60.-9-./!
,08;4/6F5-! 64! H4! ,-8! 97/><,<5<=0-! 4/05087-8! -.! ,0,6;/034-! 8-5<.! 5-834-55-8! 5-8! ,<..7-8!
0884-8! ,4! M!! :e5-!N! -.8-0=.6./! 0./@=2-./! ;-/! 68:-;/I!9608! -55-! /2<4H-! 8<.! <20=0.-! ,6.8! 5-8!
7/4,-8!340! 1<.,-./!.</2-!7/4,-!-/! 8-5<.! 5-834-55-8! 05!.)?!6!:68!.7;-88602-9-./!,-! 2-56/0<.!
-./2-! 5-8! ,7;5626/0<.8! ,-8! -.8-0=.6./8! A! :2<:<8! ,)7:08/79<5<=0-! -/! 5-428! :26/034-8B! C)-8/!
64880!:<42!;-//-!2608<.!-/!64880!:62;-!34)05!.)-E08/-!:68!,-!26::<2/!0.8/0/4/0<..-5!-.!5?;7-!64E!
86H<028! 7:08/79<5<=034-8! 34-! .<48! .<48! 8<99-8! 5090/78! A! -E690.-2! 56! ,02-;/0<.! ,)7/4,-!
65<28! 34-! 5)7/4,-! ,-8! :26E7<5<=0-8! :688-! 7=65-9-./! :62! 5)-E69-.! ,-! 56! ;<.;-:/0<.! ,-!
5)7/4,-B!!
C-//-! 6::2<;>-! 97/><,<5<=034-! -8/! 64880! 4.-! 96.0@2-! ,-! ;<./<42.-2! 5-8! :2<F5@9-8! ,-!
87:626/0<.!,-8!;<9:<86./-8!,4!8?8/@9-!,-8!;<.;-:/0<.8!09F20347-8!";<.;-:/0<.!,-!56!OikI!
;<.;-:/0<.! ,-! 5)-.8-0=.-9-./! ,-! 56! :>?8034-! -/! ;<.;-:/0<.! ,-! 5)6::2-./0886=-! ,-! 56!







-/! 6::2-./0886=-! ,-8! 8;0-.;-8((! -/! ,6.8! ;-540! ,-! 5)-.8-0=.6./! C! "0./-28-;/0<.! "OikI!
6::2-./0886=-((! 64! 84J-/! ,-! ;-! 34-! .<48! 6H<.8! 34650107! :27;7,-99-./! ,-! 27,4;/0<..089-!
7:08/79<5<=034-B!!
!2! %&'$'&<<;'($&0U$'*89*'89*/$<'.8.J*4(*/$





/26H64E! -88-./0-55-9-./! 6.=5<%86E<.8! ".<48! 655<.8! 5)6::-5-2! M!9<,@5-! ,-! r6/-2%c,698!N!
:<42!,6H6./6=-!,-!;562/7!,6.8!;-!340!840/(B!Z<2834-!;-!9<,@5-!160/!7/6/!,)4.-!2-56/0<.!,465-!
-./2-! 5-8! :26/034-8! -/! 5-! 8?8/@9-! ,-8! ;<.;-:/0<.8! 09F20347-8! ";<.;-:/0<.8! 842!
5)7:08/79<5<=0-I!5)-.8-0=.-9-./!,-!56!8;0-.;-!-/!5)6::2-./0886=-!,-!56!8;0-.;-(I!.<48!:<4H<.8!
5-!;<9:2-.,2-!;<99-!4.!97;6.089-!A!56!1<08!8/6/034-!-/!,?.69034-!*!,-4E!,-8!/2<08!84J-/8!
,-!.</2-!7/4,-!.)?!,72<=-./!:68B! Z)-.8-0=.6./!c! 8-9F5-!6H<02!-11-;/0H-9-./! ;<.8/240/!,-8!
;<.;-:/0<.8! 842! 5)7:08/79<5<=0-!H06! 86!:26/034-!,)-.8-0=.-9-./I! ;-!340! ;<.,40/!A!<F8-2H-2!
4.-! :26/034-! :2<;>-! ,-! 56! :26/034-! >6F0/4-55-! -/! ;-56!9\9-! -.! :278-.;-! ,)4.-! 0./-./0<.!
:62/0;450@2-! 2-56/0H-!A! 5)7:08/79<5<=0-B!h-!96.0@2-!6.65<=4-I!9\9-!80!.<48!6H<.8! 0,-./0107!
4.-!:26/034-!,4!84J-/!g!/2@8!,01172-./-!,-! 56!:2-90@2-I!-55-!.)-8/!:68!9<,0107-!-.!/6./!34-!
/-55-! :62! 56! :278-.;-! ,-! 5)0./-./0<.! ,0,6;/034-! 7:08/79<5<=034-I! ;62! 2-:<8-! -55-! 64880! 842!
5)<FJ-;/01!;-./265!,-!5)6::2-./0886=-!,-!56!:>?8034-B!P608!,6.8!;-!;68I!;)-8/!A!:62/02!,-!5A!34-!
8<./! ;<.X4-8! 5-8! 8734-.;-8! ,)-.8-0=.-9-./I! 8/24;/427-8! 842! ,-8! 86H<028! :62/0;450-28! ,-!
5)7:08/79<5<=0-!"9<,@5-(B!Z-!9<,@5-!,-!r6/-2%c,698!:-4/!\/2-!54!,-!56!96.0@2-!840H6./-!*!
;-! 8<./! ,-8! 34-8/0<.8! ,-! M!908-! -.! :26/034-!N! ,)4.! -.8-0=.-9-./! ,-! 56! :>?8034-! 340!
;<.,408-./!A!:2-.,2-!6::40!842!,-8!86H<028!,-!5)7:08/79<5<=0-!-/!A!56!2-;>-2;>-!:2<=2-880H-!
,)4.-! 1<29-! ,-! M!278<.6.;-!N! -./2-! 5-8! ,01172-./8! ,<960.-8! ,-! ;<.;-:/0<.8I! ;<99-! 5)6!
2-962347!r6/-2%c,698! "#WW_(B! C-! 340! /0-./! 50-4! ,-! 278<.6.;-! ,6.8! 5-! ;68! ,4! 84J-/! g! 8-!
96.01-8/-! :62! 5-! ;><0E! ,-8! 86H<028! 7:08/79<5<=034-8! A! /26.8:<8-2I! :-29-//6./! A! 56! 1<08! ,-!




+5! 2-8/-! 34-! 5)4/05086/0<.! ,4! ;<.;-:/! ,-! 26::<2/! 64E! <FJ-/8! ,-! 86H<02! -.! 50-4! -/! :56;-! ,-!
;<.;-:/0<.I! 69@.-! 6H-;! 540! 5-! ;<2/@=-! ;<.;-:/4-5! ,-! /26.8:<80/0<.I! ,)0.8/0/4/0<.8! -/! ,-!










c! 56! ,01172-.;-! ,-! 5)-.8-0=.6./! cI! ;-! /?:-! ,)-.8-0=.-9-./! -8/! 908! -.! d4H2-! ,@8! 34-! 5-!
/>@9-!,-!:>?8034-!8)?!:2\/-! "56!80/46/0<.!-8/!4.!:-4!8-9F56F5-!:<42! 5)-.8-0=.6./!C(!-/! 5-8!
68:-;/8!7:08/79<5<=034-8!1<./! 5)<FJ-/!,)4.-!7H6546/0<.!64!9\9-!/0/2-!34-! 5-8!86H<028!,-! 56!
:>?8034-B! C-//-! 96o/208-! ,0,6;/034-! /0-./! 86.8! ,<4/-! ,)4.-! =26.,-! -E:720-.;-! ,6.8! ;-!
,<960.-I!-/!;-;0!;<.8/0/4-!4.!64/2-!:6269@/2-!A!:2-.,2-!-.!;<9:/-B!C-56!,0/I!.<48!8<99-8!
64880! -.! 34-534-! 8<2/-! 9623478! ,6.8! 5-! ;>69:! ,-! 56! ,0,6;/034-! :62! 5-! :626,0=9-! ,-! 56!
/26.8:<80/0<.I! -/! 5)6.65?8-! ,)4.-! 876.;-! ;<.X4-! :62! 4.! :2<;-8848! 340! 2-5@H-! ,-! 56!
/26.8:<80/0<.!.<48! ;<.,40/! A!:-.8-2!34)4.-!=26.,-! ;<>72-.;-!-./2-! 5-8!.0H-64E!,)6.65?8-!
,-8! :26E7<5<=0-8! 27H@5-! 4.-! :26/034-! ,<..6./! H2608-9F56F5-9-./! 50-4! 64E! 6::2-./0886=-8!
H0878B! Z-8! ;<..60886.;-8! ,-! 5)7:08/79<5<=0-I! ,<.;! ,-! 56! .6/42-I! ,4! 1<.;/0<..-9-./! -/! ,-!
5)756F<26/0<.! ,-8! 86H<028! 8;0-./01034-8I!9<,7508-./! 4.-! 1<29-! ,)6;/0H0/7! ,-! :2<,4;/0<.! ,-8!
;<..60886.;-8! 8;0-./01034-8B! k0! 5)<.! 8<4>60/-! /26.89-//2-! ;-8! ;<..60886.;-8! 34)-55-8! 34)-.!
8<0-./!5-8!2608<.8I!;-56!:688-!8-5<.!.<48!:62!,-8!1<29-8!,-!86H<02!1602-!340!,<0H-./!\/2-!908-!
-.!d4H2-I! 6H<02! 4.-! ;-2/60.-! 27650/7! ,6.8! 56! ;5688-B! c4/2-9-./! ,0/I! ;<99-./! -.8-0=.-2! 56!
9<,75086/0<.!86.8!:688-2!:62!,-8!/D;>-8!,-!9<,75086/0<.!S!C<99-./!/26.89-//2-!64E!75@H-8!












.0H-64! ,4! 1<.;/0<..-9-./! ,-! 56! :>?8034-I! -/! ,-! 9-//2-! -.! d4H2-! ,-8! /D;>-8! -/! ,-8!
/-;>.034-8!688<;07-8!340!8<./!,-!5)<2,2-!,-!5)6;/0H0/7!,-!56!:>?8034-B%





G.! ;<./0.40/7! 6H-;! 5-! :<0./! :27;7,-./I! 4.! :2-90-2! H<5-/! ,-! 56! 2-;>-2;>-! A! H-.02! :<42260/!
-9:24./-2!4.-!6::2<;>-!,01172-./-!,-!;-55-!34-!.<48!6H<.8!4/05087-!*! 05!8)6=0260/!A! 5)0.H-28-!




h-! /<4/-!96.0@2-I! 5-!,7H-5<::-9-./!,-! ;-//-! 2-;>-2;>-I!,-!96.0@2-!A! 2-.,2-! ;<9:/-!,-!
5)09:<2/6.;-!,-8!/2<08!:e5-8!,-!56!,0,6;/034-I!:688-26!:62!5)7/4,-!,-!5)6::2-./0886=-!-.!;5688-!
,-!;-8!86H<028!7:08/79<5<=034-8!a!.<48!.-!:<422<.8!:548!.<48!86/081602-!,-8!27845/6/8!842!5-8!
;<.;-:/0<.8! ,-8! 75@H-8! 08848! ,)7/4,-8! 6./720-42-8B! i.! :-4/! 84::<8-2! 34-! ;-2/60.-8!
9<,010;6/0<.8!27;-./-8!,6.8!5-8!9<,650/78!,)-.8-0=.-9-./!,-!56!:>?8034-I!.</699-./!:62!56!
,7962;>-!,)0.H-8/0=6/0<.!0./2<,40/-!,@8!5)7;<5-!7579-./602-I!:-4H-./!6H<02!,-8!-11-/8!842!5-8!
;<.;-:/0<.8! ,-8! 75@H-8I! .-! 8-260/! ;-! 34)-.! 2608<.! ,-! 56! 9<,010;6/0<.! ,-8! :26/034-8B! O<48!
1608<.8! /<4/-1<08! 5)>?:</>@8-! 34-! 5)-.8-9F5-! ,-8! 34-8/0<.8! 2-56/0H-8! A! 56! Oik! 34-! 56!





O<8! 6.65?8-8! .<48! <./! :-2908! ,)6;;7,-2! A! 56! ;<9:<86./-! :4F5034-! ,4! 26::<2/! ,-!




34-!;<..6o/!4.!-.8-0=.6./I! 05! 0./@=2-!-.!34-534-!8<2/-! 5-8!,09-.80<.8!:4F5034-8!-/!:20H7-8!
,4! 26::<2/! 64E! <FJ-/8! ,-! 86H<02B! O<48! .<48! 8<99-8! 5090/78! ,6.8! .</2-! 7/4,-! A! 56!
;<9:<86./-!:4F5034-!,-!;-!26::<2/!a!05!2-8/-!A!-E690.-2!;<99-./!8-!/088-./!5-8!50-.8!-./2-!56!
;<9:<86./-! :20H7-! -/! 5-8! ;<.;-:/0<.8! 842! 5)-.8-0=.-9-./! -/! 5)6::2-./0886=-B! C-:-.,6./I!
:<42! 655-2! 0,-./010-2! ;-! 340! 2-5@H-! ,-! 56! ;<9:<86./-! :20H7-I! 05! 164/! 34-! 5-8! -.8-0=.6./8! 5-!
9-//-./!-.!d4H2-!,6.8!,)64/2-8! 0.8/0/4/0<.8!<4!65<28!34)058! 8<0-./!-.!:<80/0<.!,-!;<.,402-!
4.-!6.65?8-!2715-E0H-!842! 5-428!:2<:2-8!;<.;-:/0<.8!-/!842! 5-428!:2<:2-8!:26/034-8B!C-!/?:-!
,-! 2-;>-2;>-! -8/! ;-55-! 34)A! ;<.,40/-! r6/-2%c,698! "#WW_(I! 6H-;! :<42! ;<.8734-.;-! ,-!
;<.,402-! 5-8! -.8-0=.6./8! A! -886?-2! ,-! 9-//2-! 5-428! ;<.;-:/0<.8! -.! :>68-! 6H-;! 5-428!
:26/034-8I! ,6.8! 4.-! 2-;>-2;>-! ,-! M!278<.6.;-!NB! P608! ;-! :2<;-8848! -8/! 16;050/7! :62! 56!
:278-.;-!,6.8!5-8!:2<=2699-8!,-8!;<.;-:/8!;578!,-!56!OikB!!
+2! @4$(*':*$J*$X;':&();4$J*/$*4/*)A4&4(/$
G.! 6//-.,6./! 34-! ,-8! 86H<028! ,-! 5)7:08/79<5<=0-! 1688-./! 5)<FJ-/! ,)4.-! :2-8;20:/0<.I! .<48!




:62! 5)6.65?8-! ;20/034-! ,-! ,7962;>-8! ,)756F<26/0<.! ,-! ;<..60886.;-8! 8;0-./01034-8B! C-8!
6.65?8-8!:-4H-./!:2-.,2-!6::40!842!5)>08/<02-!,-8!8;0-.;-8I!9608!64880!842!5-8!6;/0H0/78!,-!56!
:>?8034-! ;<.,40/-8! -.! ;5688-I! 9608! -.! :2-.6./! 8<0.! ,-! ,08/0.=4-2! ;-! 340! 2-5@H-! ,)4.-!




P608! .<48! :-.8<.8! ,6H6./6=-! 34-! 5)-.8-0=.-9-./! ,-! 5)7:08/79<5<=0-! .-! :<4226! 8-!
,7H-5<::-2! ":<42! 5)0.8/6./(! 34)A! 56! ;<.,0/0<.! <]! 5-8! 86H<028! -.! J-4! :-4H-./! 8-2H02! ;<99-!
,6.8! 5-! 84J-/! g! A! 5)6::2-./0886=-! ,-! 56! :>?8034-!a! 64/2-9-./! ,0/I! 5)7:08/79<5<=0-! ,<0/! \/2-!
;<.80,727-!;<99-!4.!H-;/-42I!4.!84::<2/!,-!5)6::2-./0886=-!,-8!86H<028!,-!56!:>?8034-B!
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